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The invention disclosed in this document resulted from 
research in aeronautical £ id space activities performed under 
programs of the Nations' Aeronautics and Space Administration. 
The invention is owned by NASA and is, therefore, available for 
licensing in accordance with the NASA Patent Licensing 
Regulation (14 Code of Federal Regulations 1245.2). 


To encourage Commercial utilization of NASA-owned inventions, 
it is NASA policy to grant licenses to commercial concerns. 
Although NASA encourages nonexclusive licensing to promote 
competition and achieve the widest possible utilization, NASA 
will consider the granting of a limited exclusive license, 
pursuant to the NASA Patent Licensing Regulations, when such a 
license will provide the necessary incentive to the licensee to 
achieve early practical application of the invention. 


Address inquiries and all applications for license for this 
invention to NASA Resident Office-JPL, NASA Patent Counsel, 
Mail Code 180-801, 4800 Oak Grove Dr., Pasadena, CA 91103. 
Approved NASA forms for application for nonexclusive or 
exclusive license are available from the above address. 
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STABILIZED LANTHANUM SULPHUR COMPOUNDS 


The purpose of this invention is to maintain 

‘i 

i; lanthanum sulfide in the stable cubic phase form over a 

ji 

lj temperature range of from 500°C to 1500°C by adding to it 
Ismail amounts of calcium, barium, or strontium. This novel 

ji 

jj compound is an excellent thermoelectric material. 
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STABILIZED LANTHANUM SULPHUR COMPOUNDS 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to lanthanum sulphur 
compounds which are stabilized by calcium, barium, or 
strontium and have desirable properties for use in 
thermoelectric energy conversion. 

2 . Background Discussion 

Thermoelectric materials are substances 
which, when subjected to a temperature differential 
across the material, produce a voltage drop and a 
current flow through the material. Such materials are 
used in remote power generation, for example, in a 
spacecraft as a source of electrical power. One end 
of the material is exposed to heat, for example, from 
a radioisotope heat source, and the other end is at a 
substantially lower temperature caused by intentional 
heat removal such as radiative coating, subjecting the 
material to a thermal gradient which causes power to 
be generated by the material. Thus, heat energy is 
directly converted to electrical energy to provide 
power for the spacecraft. 

In a material such as lanthanum sulfide, 
certain crystallographic phases may have desirable 
thermoelectric properties, while other phases may be 
electrical insulators. For example, the cubic phase 



! 

! 

ORIGINAL PAGE £3 
i OF POOR QUALITY 

;j - 2 - 

;! 

|| 

Lj; form of lanthanum sulfide exhibits desirable thermo- 

|i 

2 jj electric properties over the temperature range of from 

3 ij about 1200°C to about 1500°C. At temperatures below 

I 

4|j about 1200°C the crystal structure of the lanthanun 

5 j sulfide changes from the cubic phase, which provides 

6 i the desirable thermoelectric properties, to an orthor- 

7 ! hombic form which lacks the desired thermo-electric 

I 

8 properties. Such phase transformation can also pro- 

9 duce a brittle, fragile material with insufficient 

10 strength to be used as a thermoelectric power conver- 

11 sion device. 

12 

13 THE INVENTION 

14 We have discovered that the desirable cubic 

13 phase of lanthanum sulfide can be stabilized over a 

16 broad temperature range by dissolving calcium, barium, 

17 or strontium in the lanthanum sulfide. This material 

lj 

18 ij may be represented by the following formula: 

19 I 

20 (La ' M)S 1 . 5 -x 

21 

22 where x is greater than 0 and less than 0.1, and M is 

23 selected from the group consisting of calcium, barium, 

24 strontium, and mixtures thereof. The amount of cal- 

25 cium, barium, and strontium used should be effective 

26 to maintain the desired cubic phase of the lanthanum 

27 sulfide at temperatures of 500°C or lower. Typically, 

28 the amount of calcium, barium, or strontium ranges 

29 between about 0.1 and about 5.0 weight percent of the 

30 compound, and preferably is in the range from about 

31 0.2 to about 5 weight percent, to stabilize the cubic 

32 phase and provide a useful thermoelectric material 

33 which is usable in the temperature range of from about 

34 500° to about 1500°C. 
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The thermoelectric material of this inven- 
tion may be made by simply blending together at room 
temperature ponders of the elemental ingredients (La, 
S, Ba, Ca, Sn) in the correct proportions. This blend 
is slowly heated in vacuum to a temperature of approxi- 
mately 1 100 - 1200°C and at this temperature for a 

sufficient amount of time for chemical homogenization 
to occur. Alternately, the starting metallic ingredi- 
ents may be reacted with sulphur vapor at a tempera- 
ture of 600 - 1200°C in a closed reaction vessel. The 
proportion of starting materials is such that the 
finished material has the above formula. Also, a 
mixture of the compound lanthanum sulfide and com- 
pounds barium sulfide, calcium sulfide, and/or stron- 
tium sulfide may be heated to 1100 - 1200°C in vacuum 
for a time sufficient to form the desired material. 

In some instances it may be desirable to 
heat the starting ingredients to temperatures in 
excess of 1200°C to melt the ingredient. The finished 
product is cooled and then crushed or ground into 
powder and then fabricated into a thermoelectric 
device by known powder metallurgical techniques such 
as vacuum hot pressing. 

The following example illustrates the 
preferred way of making the compound of the present 
invention . 


EXAMPLE I 

A mixture of 138.9 grams of lanthanum 
powder, 58.1 grams of sulphur powder, and 7.9 grams of 
calcium powder were blended together in an inert, pro- 
tective atmosphere and loaded into a quartz reaction 
vessel. The vessel was evacuated and sealed and 
slowly heated to 1100°C for several days to homogenize 
the mixture. The reacted mixture was removed from the 
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quartz reaction vessel, ground to powder, and vacuum 
hot pressed at 1400°C for one hour to form a solid 

thermoelectric element. 

The above description presents the best mode 
contemplated of carrying out the present invention. 
The compounds of this invention are, however, suscep- 

tible to modifications and alternate ways of preparing 
them. Consequently, it is not the intention to limit 
this invention to the particular example disclosed. 
On the contrary, the invention is to cover all modifi- 
cations and alternate forms of the compounds falling 

within the spirit and scope of the invention as 

expressed in the appended claims. 



STABILIZED LANTHANUM SULPHUR COMPOUNDS 


ABSTRACT OF THE DISCLOSU RE 

Lanthanum sulfide is maintained in the 
stable cubic phase form over a temperature range of 
from 500°C to 1500°C by adding to it small amounts of 
calcium, barium, or strontium. This novel compound is 
an excellent thermoelectric material. 



